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™s irwen^on relates to a -PO^-^eL^ ^ 
lormulaflon. More particularly, this '"^f "t""" 1^'^*^. "^roTfec^ and a biological nnodifler 
employing a lymphokine or ^Vj^^"^^ 

consisting of either one or more free radiMl ^"^^^^'^J 4^ ° ^ radical damaoe by depleting or 
generation, or that selectively increase «.e ^"«=«P JJJ^f » J ^oth of the cyctooxygenase of 
reducing its radical scavenging capacity, or an .nhibitor ot one or 

lipoxygenase pathways ^J'^''^^^;^ ""^^^z interferon-alpha, interferon-gamma. colony stimulat- 
LymphoWnes and cytotoxins, such as '''^^''^"J:^~l\ and/or macrophages upon activation 
ing fa^r. and tunwr necrosis factor. P^'^'^^^^^^e v^^^ is produced by normal peripheral Wood 
by antigens or leclins. lnterleuldn-2 (IL-2). ^'^-^P^f '"^^rl^^^ga'^S T celte after exposure to plant 
lymphocytes and induces P««fe'«'«^, °^ ,"'''9!" D^^^^ Science (1976) 193:1007-1008. 

iLtins. antigens, or other stimuli, was A'Sl f scr'^J^^V ^J^^" °„ J^^^t SltiSUtated T 17S5phocytes. it 

tions. . hu rarawall et al.. Proc. Natl. Acad. Sci. USA (1975) 

anti-tumor and immunoregulatory behavior. .T'^'', J^P^f, ™ ^JJTll. Beta^rterferon (IFN-B) is 

meir obsen«d biological properties and molecu^ Tv^rchllCe ^d wntalns about 165 amino acids. 

agents, antibiotics, general poisons, ^J^'^^^^l^'^^^^X^^^ and sarcomas, and 
synergistic cytotoxic effect on most cancers. .«;8;; ^'^ ^ ^^^^ ^ each drug. 

.o\aduce or enmlnale emergent of dmg-r^s^^^^^^ 

For example, it is known that IL-2 may be ^ Zl^ =nri nF-A.34ill84 published October 31. 
results (EP-A^ 149 551, published July 24 ]^ ^^^J^^\Z1^;S si .. J. Immunol. - 
1985 (Deut. Rotes Kreuz )1 or with f^,""— SaKrs'^l-SSIl. In «Jdition. uXsSuJtory 
(1984), 133:714.718 and Shalaby al., J. discloses a composition exhibiting a 

, invention-Reg. No. H22. published l^J^^^^l^J '^r and myeloma cell lines using 
synergistic cytotoxic effect in '=o'"^'"f,°" ^^^^ 1 hlan S..^nant beta-lnterferon. Furthemiore. 

"Srap"! agents. Svedersky et ^-^^^^^S^^^^^^^r^s and the basis of 
5 An.understanding of jnechanisms a^on^o^v^^^^^^ ^ ^ 

fcm,or cell sensitivity to such protems ^^^J f^^ lichTrproduced primarily by macrophages, has 
trials of these therapeutic agen s. For example. TNF. ^ P^ ^ .„ .^^ .^^^ic or cytostatic 
shown an apparent selectivity for many t^°; <^"^; ""^ ^„ Lvmphokines. Volume 2 , 

acttvltles. see. e.g., Carswall et ^■'^^^^ ^^ ■^X^r ^6 Ce^^ 
ed. Pick, E. (Academic Press. Inc.. NJ- f^J^^^^^^^^^^ ^^233-5237, and the r«5es cHod therein. 

rjrdSe^ran^rni"^"^^^^^^^^^ 

^li^lSira^P-^veeJecti^^ 
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(1986) 34:502 and Palladino et al.. Ped. Res. (1986) 20:302. 

Thebiologlcal activity of both oxygen-free radical species and related polyunsaturated fatty acid lipid 
peroxidation products has been well established. For example, the generation of reactive radical species 
has been found to be involved in the cytotoxic effects of ionizing radiation [see, e.g., Petl<au, Acta. Physiol. 

6 Scand. Suppl. (1980) 492:81-90 and Biaglow et al,. Radiat. Res. (1983) 95:437-455], various 
chemotherapeutic agentsTiee. e.g.. Tomasz. Chem. Biol. Interact (1976) 13:89-97. Lown and Sim. 
Biochem. Biophys. Res. Commun. (1977) 77:1150-1157 and Borek and Troll. Proc. Natl. Acad. Sci. USA 
(1983) 80:1304-1307]. and a variety of other biological processes. Including aging, and the initiation and 
promotion stages of experimental carcinogenesis [see, e.g.. DiGulseppI and Fridovich. CRC Crit Rev. 

10 Toxicol. (1984) 12:315-342 and Slater. Biochem. J. (1984) 222:1-15]. The generation and release of reactive 
free radicals inlhe respiratory burst phenomenon used by various cells of the Immune system is a well 
known mechanism of foreign target destruction. See, e.g.. Bus and Gibson In Rev. Biochem. Toxicol. , eds. 
Hodgson et al. (Elsevier. North Holland. 1979). pp. 125-149 and Badwey and Karnovsl<y. Ann. Rev. 
Biochem. (1980) 49:695-726. 

75 irTierobes, T variety of radical scavenging mechanisms have evolved at both the cellular and 

organlsmai level that confer protection from potentially lethal reactive oxygen species, such as the hydroxy 
radical, superoxide anion, and hydrogen peroxide. See. e.g.. DIGutseppi and Fridovich, supra . Slater, supra , 
and Bus and Gibson, supra . Importantly, oxygen radicals can initiate longer-lived chain reactions of lipid 
peroxidation that can bepfSpagated from cell to cell. These peroxidation products are capable of damaging 

20 cellular DNA, RNA. protein, and cellular phospholipids. See. e.g.. Slater, supra , Bus. supra . Moody and 
Hassan. Proc. Natl. Acad. Sd. USA (1982) 72-.2855-2859. Lesko et al.. Biochemistry (1980) 19:3023-3028. 
and Cerutti et al. in Genes and Proteins in Oncogenesis (Academic Press. NY, 1983), pp. 55-67. The 
protective cellular mechanisms against this kind of damage include anti-oxidants and radical scavengers in 
both the lipid (e.g., o-tocopherol, ^-carotene) and aqueous (e.g., glutathione and ascorbic acid) phases of 

25 cells, as well as enzymes such as superoxide dismutase and catalase. See, e.g., Fridovich, Science (1978) 
201:875-880 and Meister and Anderson. Ann. Rev. Biochem. (1983) 52:711-760. The high plasma uric acid 
level found in humans has also been shown to be a major radical protective factor. Ames et al., Proc. Natl. 
Acad. Sci. USA (1981) 78:6858-6862. 

Glutathione (GSH) and related cellular sulfhydryl compounds represent one of the major mechanisms of 

30 detoxification of elecfrophilic metabolites of xenobiotics and oxygen/Iipid radical species. Meister and 
Anderson, supra. Inhibition of free radicals is postulated as the way in which certain radioprotectors. such as 
the free radicaTscavengers cysteine and GSH. operate. GSH becomes oxidized to contain a dithio group as 
well as to protein-mixed disulfides, when cells are exposed to oxygen-generating compounds or other 
oxidative sfresses. See Adams et al., J. Pharmacol. Exp. Ther. (1983) 227:749-754. Therefore, the content 
35 of oxidized GSH is one important Indicator of either the type of damage to which a cell has been exposed 
or of its abifity to protect itself from oxidative damage. Buthionine sulphoximlne has been shown to be an 
inhibitor of GSH biosynthesis. See Minchinton et al.. Int. J. Radiation Oncology Biol. Rhys. (1984) 10:1261- 
1264. 

A protein called monocyte cell line cytotoxin (MCCT) was characterized and the inhibitory effects of 
40 various protease inhibitors and hydrogen peroxide scavengers on MCCT activity were studied, Armsfrong et 
al.. J.N.C.I. (1985) 74:1-9. In addition, it was found that various hydroxy! radical scavengers Inhibited 
production" of a lymphotoxin. See Kobayashi et al.. J. Biochem. (Tokyo) (1984) 95:1775-1782. Rnally, 
methisoprinol, a purine derivative, has been shown to increase the production of lymphotoxin. which is a 
lymphokine. Morin and Ballet Allergol. Immunopathol. (1982) 10:109-114. 
45 Marcus et al.. Cancer Research , 47:4208:4212 (1987) discloses use of vitamin C and IL-2. 

Arrick et al.. J. Ciin. Invest. . 71:258-267 (1983) discloses that inhibition of glutathione synthesis [e.g.. by 
buthionine sulfoximine (BSO)] enhances lysis of tumor cells by antineoplastic agents. 

Romine and Kessel, Biochem. Pharmacol. (UK) (1986) 35:3323-3326 discloses the role of infracellular 
glutathione as a determinant of responsiveness to antitumor dnjgs. 
50 Ono et al., Br. J. Cancer (UK) (1986) 54:749-754 discloses the combined effect of BSO and 
cyclophosphamide on murine tumors and bone marrow. 

Hamilton et al., Biochem. Pharmacol. (July 15, 1985) 34:2583-2586 discloses the enhancement of 
adriamycin, melphalen, and cisplatin cytotoxicity in drug-resistant and drug-sensitive carcinoma cell lines by 
use of BSO. 

55 Andrews et al.. Cancer Res. (Dec. 1985) 45:6250-6253 discloses the differential potentiation of alkylating 
and platinating agent cytotoxicity in human ovarian carcinoma cells by glutathione depletion. 

Russo et al.. Cancer Res. (June 1986) 46:2845-2848 discloses selective modulation of glutathione levels 
in human normal versus tumor cells and differential response to chemotherapy drugs. 
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Te. et . cancer Treatment Rep. (June 1986) 70:715-720 discloses me relationship of glutaftlone 

aep^onto^e— ojcp.^^^^^^ (AuQ- 1886) 12=13^^-135* ''^^ ^ 

'"""Sir^ rCSrSSS^scloses the cytotCc e«ects o, glutamione syr,thesls 

inhibition by BSO on ^^-^ 7^"!^^.*^^^^^^^^ discloses that incubation of cells in the presence of 
Green et al. Cancer Res. (Nov. 1984) ^-^^J '''^J ^Zj, cvtotoxicity, and Oxols. Semin. Oncol. (Sept. 

•IfUSS- „„„„ ^auvaccrvw rfkriosBs that BSO enhances the cytotoxicity of 

Crook et al.. Cancer Res. (1986 f 503^5M8 *sc los^thm ^ ^ ^ 

cyclophosphamide. Hodgkiss et al.. B-^hem^Phan^acoUJS^ Biocham. Pharmacol. (1984) 

enhance the cytotoxicity of nltroarornabc ''T^' ^J'^^S^yM^^^ 

the efficacy and/or decrease the toxicity of the lyniphc^^^^^ administration to 

^dHler selected from a f-ee radical scavenger or a ^^^^^ 

^■^^^iretned.anyonemeo^^^^^^^^ 

as tumo«,us. infected, or irra^ ^ aS^^^ or^e ara^^ acid cascade may be 

radical scavenging capacity. It .s ""^ ^^"^^ .^^^^n which can produce lipid peroxidation 
S:SJ"as^rr."Sr.r^^^^^^ — o, .e lipoxygenase and 

-^rd"rrr^rm.ympho.ne.refers.^^^^^ 

cells and/or macrophages when J^^^^^ such as pamogens 

« term "cytotoxin" refers to any protem ^^J'^^^S^m are nrt limited to, interferons [e.g.. 
in the cell. Bcamples of such lymphok.nes and Cirtotro^ns n^^ irterleukins le.g.. 

irterteron-alpha, (IFN^). interferon-beta (IFN.« and '^JfJ^^^'(,^^)j7i^or necrosis factor- 
interleukin-1 (lL-1). ^'^^^-''^'J^^iJ^^S^'^Z Sledly^Solin). a colony stimulating factor (eg. 
alpha (TNF-B). tumor necrosis factor-bete ^^7° " '^Xity factor (Mlf^. macrophage-acttvating 
« CSF-1. CSf-G or CSF-GM). ^''^fZ\ ZTZ^^T^^^^^^^^^^''^ 

factor (MAF). NK cell f«J^/ '^Sir^une response suppressor (SIRS), growtti- 
lymphotoxins. osteodast-activating factor (Om, s^"™^ lymphokine or cytotoxin is an interleukin 

50 (more preferably CSF-I). The m^'J^^J ip'hokines or cytotoxins produced by recombinant 

AS used herein the ^^'-^ ""^";^'*^^^Se lymphokine or cytotoxin is cloned by known 
DNA techniques vvherein gener^ly the ger« lymphokine or cytotoxin cDNA as a 

recombinant DNA technology. For '^^"'^'^JJ^y^^^^^ 

template, the gene showing ^°'"P'«'"*';'f^„*° coll plasmid, to obtain a recombinant 

« suitable DNA vector such as a '»«^«iP'«"^^; P^l fS ^eleSTis expressed in the host to produce 
plasmid, and ti.e plasmid is used to ^ for Ws purpose include pBR322. 
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As used herein, the term "pharmaceutically acceptable- refers to a carrier medium which does not 
interfere with the effectiveness of the biological activity of the active ingredients and which is not toxic to 
the hosts to which it is administered. 

5 As used herein, the term "prophylactic or therapeutic" treatment refers to administratron to the host of 
the lymphokine{s) or cytotoxin(s) and biological modifier(s) either before or after onset of the biological 
damage to the host. If the lymphokine{s) or cytotoxin(s) and biological modifier(s) are adnnlnlstered pnor to 
exposure to the agent causing the biological damage, the treatment Is prophylactic (ie.. it protects the host 
against the damage), whereas if it is administered after exposure to the agent causing the damage, the 

TO treatment is therapeutic (ie.. it alleviates the existing damage). The scheduling and dosing will depend. e.g.. 
on the type of host, disease, lymphokine or cytotoxin. and biological modifier. If the biological damage is 
caused by infection, the doses are preferably administered from 18 hours before infection for prophylactic 
treatment and in early phase of infection for therapeutic treatment, up to 18 hours after Infection in later 
phase of infection for therapeutic treatment. 

75 If the biological damage is cancer, the treatment is not considered therapeutic if after treatment a tumor 
appears or If an existing tumor burden is not eliminated or decreased. The effect of the doses will diminish 
with time but for humans the dose may be repeated for months or even years. Prophylactic treatment of 
cancer refers to administration after the patient has been tiBated for cancer, to prevent reoccun-ence of the 
cancer. 

20 As used herein, the term -biological damage to the host caused by free radical generation" refers to 
any cellular, tissue or other damage to body parts or functions sustained by the host as a result of free 
radicals being produced in the body of the host. The free radicals may cause directly mobilization of the 
arachidonic acid metabolic pathways or may cause lipid peroxidation that mobilizes arachidonic acid. These 
radicals may be produced as a mechanism for killing cells. Examples by which such damage may be 
25 caused include hyperthermia, which may occur during cancer treatment as when the temperature of the 
tumor is increased via local or general microwave Irradiation, damage caused by chemotherapeutic agents 
(chemotherapy), radiation therapy, or high oxygen tension that produce radicals to kill cells, and infection. 
Also, treated tumor cells may help propagate radical damage. An example of high oxygen tension is the 
condition that occurs when premature babies are exposed to high pressure oxygen, resulting in retinal and 
30 lung disease. Other conditions that represent damage caused by free radical generation may also be 
envisioned and fall within this definition. 

The term "cancer" as used in the above definition refers to any neoplastic disorder, including such 
cellular disorders as, for example, renal cell cancer, Kaposi's sarcoma, chronic leukemia, breast cancer, 
sarcoma, ovarian carcinoma, rectal cancer, throat cancer, melanoma, colon cancer, bladder cancer, 
35 mastocytoma, lung cancer and gastrointestinal or stomach cancer. Preferably, the cancer is colon cancer, 
melanoma, renal cell cancer, sarcoma, lung cancer, adenocarcinoma, or breast cancer. 

The term "infection" as used in the above definition refers to any kind of pathogenic disease, including 
those caused by bacteria, fungi, viruses, protozoa or parasites. Examples of bacterial infections Include P. 
aeruginosa. E. coli, tetanus. Mycobacterium species. Streptococcal strains, diphtheria and Salmonella. 
Examples ofTungii infections include cryptococcosis, histoplasmosis, and other infections due to Candida 
species. Examples of viral infections Include Hepatitis A. recurrent Herpes Simplex. AIDS. Herpes Zoster, 
infiuenza. and rtiinoviruses. Preferably, the infection is bacterial, more preferably Gram-negative infection, 
and most preferably P. aeruginosa and E. coli infection. 

As used herein, the term "biologicaFmodifier" refers to one of two compounds: a free radical scavenger 
45 or a metabolic Inhibitor. Tlie term "free radical scavenger" refers to any compound or substance that 
protects a mammalian host against biological damage caused by free radical generation. This definition 
includes those agents that act through direct radical scavenging as well as those that act by altering the 
radical scavenging ability of the host and/or tumor. Either mechanism will affect the response of the host to 
the lymphokine or cytotoxin. Such free radical scavengers may be radiation protectors, and include such 
50 compounds as. for example, uric acid, buthionine sulfoximine, diethyl maleate, vitamin E, vitamin C, 
cysteine such as N-acetyl cysteine, or glutathione, metronidazole, and a retinoid such as. e.g.. vitamin A. 
While diethyl maleate may increase the toxicity of the lymphokine or cytotoxin. it also reduces glutathione 
preferentially in tumor versus host and therefore should lead to a higher therapeutic index. Any combination 
of these modifiers may be employed. Most preferably, the free radical scavenger employed herein for 
65 humans is buthionine sulphoximine, vitamin C. vitamin E, or N-acetyl cysteine [the latter having the 
tradename Mucomyst (Mead Johnson)]. See the 1987 Physicians' Desk reference, ed. 41, Barnhart, pub.. 
Oradell, N,J: Medical Economics Company, Inc. Uric acid causes gout in humans so it may be tolerated in 
lesser amounts; it occurs naturally in human plasma at about 300 nM; it is expected that about 600-1500 
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Sf LlTitf ofSl modifier, a "metabolic Inhibitor." refers to a compound or substance tf«t 
bloc^o Tn^rrc^Se^^ -d/or lipoxygenase metaboBc pathways, of ^^^^^^f^^'^ 

s^n-rrc^^^^^^^^^^ 

LsMl^nTc S. h dloxy-'and idroxy-eicosatetraenoic acids. P-^^^^^^^^' ^ 
(44-SIfatSy«-TbutanediylhbisI1.2-benzenediol]) (NDSA). «=is-8,11.14^icosamen-5-yno« 
T T^. ^1 2?Sa btoTk Kd^xygenase pathway, thereby inhibiting tf,e production of 
phosphoHpase Aa. NUtaA ™ leukntrianes and hydroxy- and dihydroxy-eicosatetraenojc acids. 

^ used herein, the term "pharn^acologically effective amounts" as applied to the lymphokine or 
cyto^^n"^' S blgical n.cd.er refers to me -7^°' -i^^'ST^:!;;;:^^^^^ 

red^s;::rrheri=^^^^^^ 

n'^SniTorii the ef^cacy increases a. least over the efficacy using ancient contjol 
^^^s Zri^aDBuSc index has increased. The ratio of mean body weights indicates the extent 

of this imrention Involves the production of a pharmaceutical composition whteh can be 
-rtJ^L^ to a mJS«. J^! preferably a human host with phamiacologically effective amounts of 

generally ^'^^ ^^'^^''JV^Z^J^ 7^ Sut o°„e hour after the administration of 
'"^ThfadmSSs) may take place by any suitable technique, including oral, subcutaneous and 
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The dose and dosage regimen will depend mainly on whether the lymphokine{s) or cytotoxin(s) and 
biological modifier(s) are being administered for therapeutic or prophylactic purposes, separately or as a 
mixture the type of biological damage and host, the history of the host, the type of lymphokine or cytotoxjn. 
and the type of biological modifier employed. The amount must be effective to achieve an enhanced 
therapeutic index as defined above. It is noted that humans are treated longer than the mice and rats 
exemplified herein which treatment has a length proportional to the length of the disease process and drug 
effectiveness. The doses may be single doses or multiple doses over a period of several days, but single 
doses are preferred. For purposes herein, a protection level of at least 50% means that at least 50% of the 
treated hosts exhibit improvement against the infection, including but not limited to improved survival rate, 
more rapid recovery, or Improvement or elimination of symptoms. 

Generally for cancer, the dosage amount must be effective to achieve some tumor reduction or 
augmentation'of lymphokineactlvated killer (LAK) cell activity. UVK cells are lymphoid cells tiiat can lyse 
fresh, noncultured. natural-killer-cell-resistant tumor cells but not normal cells. The doses may be single 
doses or multiple doses. If multiple doses are employed, as preferred, the frequency of administration will 
depend for example, on the type of host and type of cancer, dosage amounts, etc. For some types of 
cancers or cancer lines, daily administration may be effective, whereas for others, administration every 
other day or every tiiird day may be effective, but daily administration ineffective. The practitioner will be 
able to ascertain-upon routine experimentation which route of administration and frequency of administration 
are most effective in any particular case. 

The dosage amounts for cancer which appear to be most effective herein are those that result in 
regression in size of the tumor or complete disappearance or non-reappearance of the tumor, and are not 
toxic or are acceptably toxic to the host patient Generally, such conditions as fever, chills and general 
malaise are considered acceptable. In addition, the dose of biological modifier cannot be so large as to 
inhibit the anti-tumor activity of the lymphokine or cytotoxin. These optimum dose levels will depend on 
many factors, for example, on the type of host, cancer, route, schedule and sequence of administration, 
existing tumor burden, the type of lymphokine or cytotoxin and biological modifier, and the definition of 
toxicity Toxicity may be defined by the extent and type of side effects in human hosts, with fever, chills 
and general malaise considered acceptable toxicity for the study herein, or by the amount of body weight 
loss or by deatii in non-human hosts after a certain period of time, as defined above for tiie therapeutic 
Index. 

If TNF-o is employed as the lymphokine or cytotoxin, ttie dosage level tiiereof in humans is generally at 
least 0.24 ug/kg patient weight, and In mice Is at least 25 ug/kg. As a general rule, ttie amount of TNF-a 
administered to humans is tiie approximate or exact number ttiat is used for mice, but the units are ug/m^ 
ratiier ttian ug/kg. Preferably. TNF-a is administered to humans in an amount of about 25 to 100 u.g/m 
when buthionine sulphoximine is administered in a minimum effective radical scavenging concentration 
before and/or during the course of administration of the TNF-a. Smith et al., Proceedings of AACR . 28 - 
(March 1987). p. 440 discloses that in beagle dogs fifteen doses of 100 mg/kg/dose of BSO orally every 
eight hours is relatively non-toxic, whereas 400-800 mgflcg of BSO is toxic under those conditions of 
administration. Preferably. TNF-a is administered to humans in an amount of 125 ug/m^ when vitamin C is 
administered in a minimum effective radical scavenging concentration prior to administration of the TNF-a. 
Preferably. TNF-a is administered to humans in an amount of 25-100 ug per m^ when aspirin is 
administered in an amount of about 15-30 mg/kg of patient weight prior (e.g.. 1-4 hours) to administration of 
TNF-a Preferably. TNFm is administered to humans in an amount of about 50-200 ug/m^ when in- 
domethacin is administered in an amount of about 25-50 mg prior to administration of the TNF-a. 
Preferably TNF-a is administered to humans in an amount of about 150-250 ug/m^ host when ibuprofen is 
administered in an amount of about 400 to 600 mg, when ibuprofen is administered prior to administration 
of TNF-a Preferably, TNF-a is administered to humans in an amount of about 200-400 ug/m^ when N- 
acetyl cysteine is administered in an amount equivalent to 250-1000 mg/kg of rat weight prior to the 
administration of TNF-a. The prartitioner will be able to determine optimum dosage levels and scheduling 
when the host, lymphokine/cytotoxin and biological modifier are varied. 

If IL-2 is employed as the lymphokine or cytokine, the dosage level thereof in humans is generally at 
least about 3 x 10^ units/m^/day and in mice is at least about 5-10 mg/kg. Preferably, the iL-2 is 
administered to humans in an amount of at least 3 x 10^ units/m^/day when vitamin C. vitamin E. aspirin. N- 
acetyl cysteine, ibuprofen or indometiiacin is administered prior to administration of ttie IL-2. 

The dosage level of CSF-1 in humans has not yet been determined, but in mice it may generally be 
about 50 mg/kg (at 1 00-150 mg/kg the mice being to die). 

The typical dosage level of interferon (especially INF-/3) in humans ranges from about 100 units to one 
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billion unils/m«. Preferably. IFN-/. is administered to humans in an amount of at ^^'^^ 
vSn C. vitamin E. wpirin. (^acetyl cysteine, ibuprofen. or indomethacm .s admimstered pnor to 

''lofS'te^'ri'Sfsiration the lymphoidne(8) will generally be formulated In a unit dosage iniactable 
form (soLon. suspension, emulsion), preferably In a Pha""8°eu«cally acceptable earner med.^^^^^^ 
nherently non-toxic and non-therapeutic or non-prophylactic. Bcampies of such vehicles 'nclude watw. 
a ine. Ringer's solution, dextrose solution, mannltol. and normal serum albumm. N<^«";' «^ 
such ;s fixL oils, propylene glycol and ethyl oleate may also be used, ^^^^^^r, "T" 
minor amounts of additives such as substances that enhance isotonidty and <:he'"'=a' ^f'"^- «f:'.^^ 

Jr^ervatives. The lymphokine(sVcytotoxins and biological modifiers w,ll typica ly be tonT,"lat^" 
carriers at a concentration of about 0.1 mg/ml to 100 mg/ml of each, pre erably 0.2 to ^ "^9/ml of 

AHematively. if the lymphoWne is IL-2. may be made into a, sterile, stable ^Vom^'^Jom^^l 
whidle purified IL-2 is admixed with a water-soluble carrier such as mannltol. wh,ch provides bulk arida 
Sdent «nount of sodium dodecyl sulfate to ensure the solubility of the recombinant IL-2 in water^TJe 
tomulaflon is suitable for reconstltution in aqueous injections for parenteral admimsfration and . is stebte 
a^d welWolerated In human patients. The formulation method is more compie e y descnbed " U^S^ Patent 
No 4*04.377. Altematively. the IL.2 may be refolded using guanidlne to obtain a more soluble product 
Quanldlne may be used to solublfce the iL-2 partlcle paste. In a process incorporatmg the steps of: 

(a) disrupting the cell memtxane of the microorganism; 

(b) separating water-insoluble, IL-2-containing material from the disruptate; ^ ^„ „ . 

c mixing the insoluble lL-2-containing matertel of step (b) at a pH of about 7 to about 9 wrth an aqueous 
SlilSr of a reducing agent and a chaotropic agent whereby the 11-2 in the insoluble matenal is 

HpSt; IL-?:.nt.ning solution of step (c) from the undissolved portion of the btsoiubie 
material; . . , ,. _ 

(e) removing the reducing agent from the separated IL-2-containing solution. . ^ , 

f) oxidizing the IL-2 in the solution while maintaining the concentration of chaotropic agent at a strongly 
denaturing concentration, whereby the natural disulfide bridge of IL-2 is fonned; ^ 
fa) after the oxidation of step (f) is complete, diluting the solution to ^^ducethe concentratKm <rf 
SiaS^ic agent in the solution to a level at which the oxidized IL-2 is perniitted to renature and a 
precipitate fonns; 

(h) separatina the precipitate from the solution to provide a supernatant; ,. ^ 

fl) purilVtag *e oxidized IL-2 in the supernatant by (1) reverse-phase high performance l.qu.d chromatog- 
Lhy followed by dissolution of the precipitate resulting from the chromatography i" a so^on erf 
Sopic agent and removal of the chaotropic agent from the solution, or (2) hydrophobe Interactwn 
chromatography followed by ion exchange chromatography; and ,„„„to,rfnf 
S) mco^ng a purified oxidized, soluble, heterologous human lL-2 composition having an IL-2 content of 
a Te^ ab^ut 95% as determined by reducing sodium dodecyl sulfate polyacrylamide gel etec- 
frophoresis analysis, a solubiiity in phosphate buffered saline of at least abou 5 nog IL-2 per ml. a 
sSfic a^vlty Of at least about 1 x 10» units/mg as detemtined by HT-2 cell proliferation assay, and an 
endotoxin content of less than about 0.1 nanograms per mgd IL-2. . ^„„„rfK»rt i«i«w 

in another embodiment, the guanidlne may be used after the HPLC step, m a P'°«'sJ«^'^^^^'^ 

Briefly the rlL-2 is separated from the bulk of the ceHuiar components of the transformed miaoorganism 

ZTmI the rlL-2. the rlL-2 is solubi.ized in a 

aLptable purii and endotoxin levels, and denatured by placing the rlL-2 in a f « f 

agen?. Therea J. the solids ^ removed from the solution and the rlL.2 

Preferably, the solution of a chaotropic agent is a 4 to 8 M aqueous guanidme hydrochtonde ^oluton. 

In yet another alternative, the IL-2 may be administered in an adoptive immunotherapy method, together 
with Isolated lymphokine-activated lymphocytes. In a phamnaceutically acceptable canier, where the 
Tympl^^^'hr'anUtumor activity when administered witi. tiie IL-2 to humans suHerlng from tt.e tumor. 
TOs memod is described more fully In U.S. Patent No. 4,690,915 issued Septernber 1. 1987, and by S_ 
RMsntora etal. New England Jo urnal of Medicine (1985), 313:1485-1492. In another altematve, descnbed 
"TfSnSS etX Sdence. 233:1318-1321 (198 6). tumoTTnfiltrating lymphocytes (TIL) expanded in IL-2 
ly^Soptively frSiifeFre-a-for the therepeutic treatment particularly in combinat«n with 
cyclophosphamide. The TIL approach may also be used herein. K»oi„oH 

Tmentioned above, the recombinant lymphoWne employed herein may be any lymphokine, obtained 
from tissue cultures or by recombinant techniques, and from any mammalian source such as. e.g.. mouse. 
rTrabWrprirnate. pig. L human. Preferably the lymphokine is derived frem a human source and more 
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preferably is a human recombinant lymphokine. Most preferably the lymphokine is recombinant human 11-2 
or TNF alone or In combination with recombinant TNF or IL-2, respectively. 

The recombinant IL-2 may be obtained as described by Taniguchi et al.. Nature . 302:305-310 (1983) 
and Devos. Nucleic Acid s Research , 11:4307-4323 (1983) by cloning the native human 11-2 gene and 

6 expressing it in transformed microorganFms. It may also be an IL-2 mutein as described in U.S. Patent No. 
4 518.584, in which the cysteine nomially occurring at position 125 of the wild-type or native molecule has 
been replaced by a neutral amino acid such as serine or alanine, or an IL-2 mutein as descnbed m EP-A-0 
200 280. published November 5. 1986. in which the methionine normally occurring at position 104 of the 
wild-type or native molecule has been replaced by a neutral amino acid such as alanine. 

10 Preferably the IL-2 is an unglycosylated protein which is produced by a microorganism which has been 
transformed with the human cDNA sequence or a modified human cDNA sequence of lL-2 which encodes a 
protein with an amino acid sequence at least substantially Identical to the amino acid sequence of natve 
human IL-2 including the disulfide bond of the cysteines at positions 58 and 105. and has biological activity 
which is common to native human IL-2. Substantial identity of amino acid sequences means the sequences 

76 are Identical or differ by one or more amino acid alterations (deletions, additions, substitutions) which do not 
cause an adverse functional dissimilarity between the synthetic protein and native human IL-2. Exampl^ of 
IL-2 proteins with such properties include those described by Taniguchi et al.. Nature (1983). 302:305-310; 
Devos. Nucleic Acids Research (1983). 11:4307-4323; and by EP-A-O 091 539 and 0 088 195; in U.S. 
Patent 4.518,584. supra, and in EP-A-0 200 280, supra. IWIost preferably, the IL-2 is the desalat-IL-2,eri25 

20 mutein in which thTiHitial terminal alanine is deleted and the cysteine at position 125 is replaced by a 

serine residue. . .^^ ^ » . j-no 

The IL-2 may be produced and purified to clinical purity by the method descnbed and claimed m U.S. 
Patent No 4 569 790. issued February 11, 1986. In addition, the lL-2 may be recovered from refractile 
bodies using sucrose as described in EP-A-0 206 828. published December 30. 1988. The IL-2 may also be 

25 modified by derivatization with polyethylene glycol or a polyoxyethylated polyol. as descnbed in PCT 
87/00056. published January 15. 1987. r. , m * 

The human TNF-a herein may be obtained In recombinant form as described by Pennica et al.. Nature 
(1984) 312724-729; Yamada et al.. J. Biotechnology . (1985) 3:141-153; Wang et al.. Science . (1985) 
228-149^- Shirai et al., Nature (London). (1985) 313:803-806; EP-A-O 155 549. published September 29. 

30 1 985; EP-A-O 158 286. publihid October 16. 1985; EP-A-O 168 214. published January 15. 1986; a'^d PCT 
US85/01921. published April 24. 1986. Recombinant rabbit TNF-a may be obtained as described in EP-A-O 
146 026, published June 26. 1985 and EP-A-0 148 311. published July 17. 1985. 

The cloning of human TNF-a having 151 and 155 amino acids (2 and 6 less than the native fomi) is 
disclosed in EP-A-0 155 549, published September 25. 1985 (Dainippon Pharmaceutical Co.. Ltd.). and 

35 human TNF-a having 155 amino acids is disclosed In EP-A-0 158 286. published October 16. 1985 (Asahi 
Kasei Kogyo Kabushiki Kalsha) and corresponding 6B 2.158.829A. published November 20. 1985. ^e 
cloning of mature TNF-a (157 amino acids) and various modified fomns (muteins) thereof is disclosed m EP- 
A-0 168 214. published January 15. 1986 (Genentech). and U.S. Patent Nos. 4.677.064 issued June 30. 
1987 and 4.677,063 issued June 30, 1987 (both Cetus Corporation). 

40 Preferably, the TNF^ herein is a human TNF mutein wherein one or more of the first eight ammo acid 
residues, preferably either the first four or the first eight, have been deleted, using the procedure descnbed 
in U S Patent No 4.677.064. supra , or the TNF-a is a cysteine-depleted mutein descnbed in U.S. Patent 
No. 4.677.063 issued June 307l987. supra, and in U.S. Patent No. 4.518,584. supra. The TNF may be 
purified by the method described in EP-A-0 220 966. published May 6, 1987. 

45 The precise chemical stmcture of the TNF-a herein will depend on a number of factors. As lonizable 
amino and carboxyl groups are present In the molecule, a particular form of TNF-a may be obtained as an 
acidic or basic salt, or In neutral form. All such preparations which retain their bioactivity when placed in 
suitable environmental conditions are included in the definition of the TNF-a herein. Further, the pnmary 
amino acid sequence of the TNF-a may be augmented by derivatization using sugar moieties 

50 (glycosylation) or by other supplementary molecules such as lipids, phosphate or acetyl groups, more 
commonly by conjugation with saccharides. Certain aspects of such augmentation are accomplished 
through posttranslational processing systems of the producing host; other such modifications may be 
introduced in vitro. In any event, such modifications are Included in the definition of TNF-a herein so long 
as the bioactivity" of the TNF^ is not destroyed. It is expected, of course, that such modifications may 

65 quantitatively or qualitatively affect the bioactivity by either enhancing or diminishing ttie activity of tiie TNF- 
a in the various assays. 

In one formulation, the TNF-a may be reacted with a homopolymer or copolymer of polyethylene glycol 
or a polyoxyethylated polyol. provided that the polymer Is soluble in water at room temperature. The 
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polymer is reacted first with a coupling agerrt having terminal groups reactive 

SSol groups of the protein and the hydroxyl group of the polymer Examples of -^ouPl'^S ^^^^^^^ 
"elude hydroxynltrobenzene sulfonic ester, cyanuric acid chloride and N-hydroxysucan.mideJhe TNF-a >s 
Ten forllat^ directly with the water-soluble carrier and buffer as described above, and the forniulahon 
s may be lyophilized and the lyophllized mixture reconstituted as described abow. 

Recombinant IFN-7 may be obtained as described by Gray et al.. Nature. M5:503 (1982). 
The various aspelte of the invention are further described by the following examples, wh-ch «b rw^ 
Intended to limit the invention in any manner. In these examples all parts for solids are by weight and all 
S^es to- nquids and gases a« by volume, unless otherwise noted, and all temperatures are gr«n .n 
70 degrees Celsius. 

EXAMPLE 1 - Use of Uric Acid 



76 



A. General Treatment 



Mice 



25 



Female Balb/c mice (Charies River Breeding Laboratories. Inc.. Wilmington, MA) that were all 6-8 weete 
old were employed in the in vivo tests. Animals were weight matched at 20 ± 3 g. ^^'"I'^JJ^^^ 
20 cage and 4-notched. AHiSSials were held In quarantine observation for seven days after arnv^ 
m^LnS rrr^croisolator cages (Just Products. Inc.). and fed standard laboratory diets and dnnking water 
ad lib. 

TNF-g 

A mutein of human TNF^ having the first eight amino acids deleted from t^ 'tl""!"7l9'^^ 22^lS 
as described In U.S. Patent No. 4.677.064 Issued June 30. 1987 and Wang et al.. Science (1985) 228.140^ 
153 Briefly TNF was induced from HL-60 cells and purified and sequenced. Then an mtronless sequence 
ILISrian T^was prepared by producing enriched mRNA. constructing a cDNA library, se e<*ng a 
1^ L J^ing the libra^ to recover the sequence. Then an ATG start codon was .ntroduced 
Kdtetely «^ing the GTC sequence encoding N-terminal valine of the mature protein by site-directed 
mC^L^es^were sele(^d and strands ligated into expression vectors to obtain pro^r,o.c 
e>^ssion of the mutein. The mutein was then purified by column purification using any standard 
S^fon technique and recovered In the purtfloation buffer. The mutein was produced as a lyophihzed 
S^S in sterile vials, reconstituted and suspended using sterile phosphate buffered sa^^ne within four days 
S^rto use and sto^d. if at all. at 4-C. The TNF contained less than 0.001 to 0.006 ng endotoxin/mg 
protein depending on production lot 



35 



40 



Free Radical Scavenger 

The free radical scavenger employed herein was commercially available uric acid. (Sigma). 

Ca ncer Cell Une and Tumor Injections 

45 The target cells employed were a methylcholanthrene-induced murine fibrosarcoma (Meth-A) (Balb/c) 
obtT^Ts an ascftes^Jsed tumor from Dr. Lloyd Old. Memorial Sloan-Kettenng Cancer Center. New 
New Yoric. frozen as stock, and passed at least twice in ascites prior to use. These cells were 
implanted subcutaneously In the suprascapular area of the mouse host 

50 B. Results 

Table I indicates the results obtained when the TNF mutein alone, uric acid alone and various 
combination injections of the TNF mutein and uric acid were administered intravenously to ^ve mice per 
Tup (2-3 repeats) beginning seven days after tumor implantation and ^^ree times, with 

55 final measurements made on the 14th day. The exclplent control was Injected with PBS. . . , 

T^ric acid dose was slightly below the maximum concentration attainable without decreasing animal 
weight detemiined In a preliminary toxicity study, and was given immediately prior to the TNF inoculation 

The TNF doses were chosen to cover the ranges of 50. 100. 150. 200 and 250 ug/kg of mice weight 
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(the mice weighing approximately 20 g each). The uric acid doses were 25 mg/kg of mouse weight 
whenever uric acid was administered. 

TABLE I 



75 



30 



35 



40 



Group 


ABW* 


Deaths 


ATW»» 


Cures^ 


Excipient controls 


1.36 ± .13 


1/15* 


60.4 ± 23.9 


0/14 


Uric acid 


1.29 ± .07 


1/15* 


51.7 ± 17.7 


0/14 


TNF {50 ug/kg) 


1.1 t .14 


1/15 


7.9 ± 6.2 


1/14 


TNF {50 ug/kg) + uric acid 


1.05 s .02 


1/15* 


10.515.9 


0/14 


TNF (100 ug/kg) 


1.0 ± .02 


1/10 


1.4 ±0.6 


0/9 


TNF (100 ug/kg) + uric acid 


1.07 ±.12 


1/10- 


16.4 ±22 


0/9 


TNF (150 u.g/kg) 


1.04 


6/10 


0.42 


0/4 


TNF(150ag/kg) + uric acid 


1.02 t .07 


1/10' 


8.7 t 7.3 


0/9 


TNF (200 ug/kg) 


1.01 ± .03 


5/10 


0.48 


3/5 


TNF (200 ug/kg) + uric acid 


1.04 ±.02 


3/10 


10.6 ± 3.1 


0/7 


TNF (250 ug/kg) 




15/15 






TNF (250 ug/kg) + uric acid 


1.05 t .07 


8/15 


1.21 ±0.5 


0/7 



at 14 days after treatment to mean body weight (in g) at the start of treatment, 
b ATW = change in tumor volumes as measured by the ratio of mean tumor volume 
(in mm^) at 14 days after treatment to mean tumor volume (In mm3) at the start of 
treatment 

e Cures = ATW=0, or no visible tumor after 21 days from start of treatment 

■ = "Tumor death", not toxi c death. 

The results show that combined treatment of the mice resulted In a decrease in toxicity over both PBS 
control and TNF alone as measured by host death, and an increase in efficacy as measured by comparing 
the ATW of the PBS control and the ATW of the combinations. Therefore, the therapeutic index as defined 
herein has been enhanced. 

Uric add has been postulated by Ames et al., supra , as a major protective agent against damage by 
reactive oxygen species and lipid peroxidation present In primates, but not rodents. The results of these 
experiments Indicate that reactive oxygen radicals and/or lipid peroxide-like products play a role in the 
mechanism of action of TNF. 

The practitioner can predict that these results likely would apply to humans based on the expected 
correlation between the TNF dose-related anti-tumor effect in animals and humans. The preclinical response 
of TNF alone correlated with a clinical response of TNF to colon cancer. 

EXAMPLE 2 - Use of Vitamin C (Ascorbic Add) 

Female Balb/c mice were implanted subcutaneously with Meth-A tumor cells as described in Example 

Table II indicates the results obtained when either vitamin C or the TNF mutein of Example 1 alone, or 
various combinations of vitamin C Immediately followed by the TNF mutein were administered intravenously 
to groups of 5 mice beginning seven days after tumor implantation and continuing every third day for three 
injections, with measurements taken on the fourteenth day following the initiation of treatment 
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TABLE il 



TNF ug/kg 



125 
125 
125 
125 

0 

0 

0 

0 



Vit.C mg/kg 



0 

7 

35 

70 

0 

7 

35 

70 



% Control ABW" 



81 

92 

86 

83 

100 

92 

100 

96 



Deaths 



1/10 

0/5 
0/5 
2A5 
0/5 
0/5 
0/5 
0/5 



% Control LVt^ 



1.5 

10.0 

12.0 

100 

76 

88 

74 



"Cures" 



4/9 
5/5 
0/5 
0/5 
0/5 
0/5 
0/5 
0/5 



a ABW = change in body weight as measured by the ratio of mean body weight (in g) at 14 
days after treatment to mean body weight (in g) at the start of treatment; % control is the 
normalized value relative to the control groups. 

b ATW = change in tumor volumes as measured by the ratio of mean tumor volume (In 
mm3) at 14 days after treatment to mean tumor volume On mm3) at the start of treatment % 
control is the normalized value relative to the control groups. 

° Cures = ATW=0, or no visible tumor after 21 days from start of treatment 



Vitamin C functions as an aqueous compartment radical scavenger, as well as in collagen stability. 

^^rL^t ndi^^^^^^^ with vitamin C and TNF at 125 ug/kg TNF dose resulted ,n fewer 

curel Son in toxicity, but enhancement of efficacy over the PBS control at the twoh^J^r 

Sn C doses. At high doses of TNF (250 ug/kg). buffering with vitamin C was not P0ss.W«J^^ 
Itone wa^ non-toxic at the three doses tested. As rodents have endogenous ascorbic acid, there may be 
io^ re^llrnisms that influence exogenous administration. However, vitamin C appears to Improve the 
therapeutic Index significantly at the 7 mg/kg dose. 

EXAMPLE 3 - Use of Buthionine Sulphoximine (BSC) 

Female Balb/c mice were implanted subcutaneously with Meth-A tumor cells as described in Example 
1 TrAatmsnt was initiated seven days after the Implantation. 

aToSoTw« emTtoyad wherein BSO or the TNF mutein of Example 1 alone, or BSO together wrth 
the W SLrwerXinlstered. BSO v«s admWstered Intraperitonally and mtravenous^y The 
^lo LSed 24 hours prior to TNF administration twice daily hours between doses for ten days 
!i TNF wTolven Witt, the second BSO dose every third day for three times. BSO excipient was used as 
:'^me ^ntSt^ Ti^F^ne groups. PBS was used as a co*ol. The protocol is illustrated i^low: 



(Datys) -1 0 



I 2 3 4 5 6 ^ B 9 10 11 12 13 14 



BSO TNF BSO BSO TNF BSO BSO IMF BSO BSO 
BSO BSC BSO 

Table 111 niustrates the results of this study, with the headings defined in the footnotes to Table II. The 
numbers in parentheses indicate the results from a repeat of ttie experiment. 
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TABLE III 



10 



IS 



20 



25 



Inhibition of Glutathione Synthesis by Buthionine Sulphoxlnr^ine Increased the Sensitivity of 
Meth-A tumor cells to TNF In Vivo' 



Treatment Group 



BSO (125g/kg} 
TNF (25 iLQfkQ) 
TNF (25 ug/kg) + BSO 
TNF (50 ug/kg) 
TNF (50 ug/lcg) + BSO 
TNF(100ug/kg) 
TNF(100ug/kg) + BSO 
Controls (saline) 



ABW»» 



1.19 
1.09 
1.03 
1.04 
0.98 
0.99 
0.99 
1.20 



Deaths 



0/10 
0/10 
0/10 
0/10 
0/10 
1/10 
1/10 
0/10 



ATW" 



29.8 

7.8 

1.8* 

4.9 

1.1* 

1.9 

30.0 



Cures*" 



0/10 
1/10 
0/10 
1/10 
8/10 
3/9 
9/9 
0/10 



Dose Modification 
Factor* 



4.3 
4.4 



35 



* Data are for two independent experiments: 5 mice/group 
^ mean values of two experiments 

mean values 

"Cures" indicates no palpable tumor on day 14 

* -Dose modification factor" is the ratio of aTW of TNF alone/ATW of TNF + BSO 

* Significantly different from TNF alone group by Quade rank analysis of variance (p set at 

0.05) 

The results of these experiments indicate that the pretreatment with BSO increased the therapeutic 
index of the TNF at all doses of TNF tried: it Increased the anti-tumor efficacy of TNF with little increase in 
toxicity, as Illustrated In the column headed "Dose Modification Factor." The data further support the 
hypothesis that the in vivo mechanism of efficacy, and to some degree the toxicity, is related to free-radical 
production. Tumor ciiriehsitivity/resistance depends on the ability of the tumor cells to protect themselves 
from free radical damage. 

The following Table IV illustrates the sensitivity of various human cell lines to TNF and the relationship 
of TNF sensitivity to glutathione (GSH) content In the cells. BSO is used to reduce preferentially the GSH 
level of Meth-A as compared to the host, thereby depleting the radical scavenging capacity of the tumor. All 
cell lines mentioned below are available from the American Type Culture Collection (ATCC) in Rockville. 
MD. 
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TABLE IV 



10 



Intracellular Glutathione Levels Correlate With TNF Resistance In Vive 


) 


Tumor Line 


uM Total Glutathione Equivalents /10^ cells 


% Tumor Growth 
Inhibition^ 


PAN-02 (mouse tumor) 

HT29 (human colon tumor) 

P815 (mouse tumor) 

P388 (mouse tumor) 

B-16 (mouse tumor) 

LI 210 (mouse tumor) 

ME180 (human cervical carcinoma) 

L929 (mouse tumor) 

Meth A (mouse tumor) 


484 ±90 
308 ± 131 
305 ± 197 
280 ± 150 
180 ±56 
105 ± 37 
14.5 ±4.6 
14.0 ±0.7 
9.1 t 4.3 


0 
9 

20 
15 
60 
74 
ND*» 
NE)*» 
100 



20 



25 



» Determined at the maximum loierawa ui • i^r — — 

increasing in volume at least 20-fold: for these models generally 17-28 days post-implantation. For 
the L1210 P388, P815. and B-16 tumor lines, mice were treated dally for 14 days i.p.. at 250 
ug/kg. one day following subcutaneous tumor inoculation. PAN-02 and HT29 were treated every 
third day. three times, i.v... at 150 or 100 uglkg, respectively, starting 7 days after tumor 
inoculation. These conditions resulted in less than 10% body weight loss vs. controls, and were 
considered to be the maximal anti-tumor efficacy signal obtainable in these models without 
inducing non-specific tumor growth inhibition due to host toxicity. 

Not determined. Previously published data have shown tiiat in vitro, tiie dose of TNF at which 
50% of ttie animals die (TCIDso) for ME1B0 = 50 ug/ml: L929 - 20 ug/ml [Creasey et al.. Cane. 
Res.. 47:145-149 (1987)], . 



EXAMPLE 4 - Use of Aspirin 

Female Balb/c mice were treated by subcutaneous implantation of Meth-A tumor ceils as described in 
Example 1 . Rve mice per group were employed. Treatment was initiated seven days after tiie implantation. 

A protocol was employed wherein aspirin or ttie TNF mutein of Example 1 alone, or aspirm togetiier 
^ wHh the TNF mutein. were administered intravenously. In the combination group, aspirin was administered 
daily fo? five diyilfld each dose was followed 1-4 hours later by TNF. PBS was used as a control. 

When 250 ixg/kg TNF was administered after a single dose of 30 mg/kg aspirin or doses of aspirin orice 
a day for five days. 9/10 aspirin-treated mice died within 48 hours of treatment witti TNF. In contrast, aspinn 
atone was non-toxic, and TNF alone resulted in 1/5 mice dead. 
^ The dosage of TNF was reduced to 25-150 ug/kg host weight, and tiie results are indicated in Table V. 
where final measurements were taken 14 days after treatment began. The headings are defined in the 
footnotes of Table I. 
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TABLE V 



10 



20 



25 



Group 


ABW 


Deaths 


ATW 


"Cures" 


Aspirin (30 mg/kg) 


1.34 


0/5 


66.6 


0/5 


PBS 


1.25 


0/5 


54.2 


0/5 


TNF (25 ug/kg) 


1.15 




23.8 


0/5 


+ aspirin (30 mg/kg) 


1.17 


1^ 


23.4 


0/4 


TNF (50 ug/kg) 


1.15 


0/5 


11.3 


1/5 


+ aspirin (30 mg/kg) 


1.12 


0/4 


6.9 


3/4 


TNF (100 ug/kg) 


1.06 


0/5 


3.2 


2/5 


+ aspirin (30 mg/kg) 


1.09 


1/5 


5.6 


3/4 


TNF (150 ug/kg) 


0.98 


0/5 


1.5 


0/5 


+ aspirin (30 mg/kg) 


1.10 


3^ 


0.7 


1/2 



The results indicate that at the lower TNF doses, pretreatment with aspirin enhanced the therapeutic 
index of TNF (increased efficacy at the expense of a slight toxicity Increase). In fact, the increase in efficacy 
over TNF alone as measured by ATW was by a factor of about 2 at 50 ug/kg TNF in the presence of 30 
mg/kg aspirin, and. further. 3 out of 4 cures were obtained in the combination group compared to 1 out of 5 
with TNF alone. At the 100 ug/kg TNF level, a similar trend was seen, as 3 out of 4 cures were obtained in 
the combination group compared to 2 out of 5 cures in the TNF alone group. At 150 ug/kg. the aspirin 
combination was more toxic with little change in efficacy. 

EXAMPLE 5 - Use Of Nordihydroguaiaretic Acid (NDGA). Aspirin, or the Combination with TNF 

Female Balb/c mice were treated by subcutaneous Implantation of Meth-A tumor cells as described in 
Example 1 . 

Table VI Indicates the results obtained when NDGA (from Sigma Chemical Co.). aspirin, the combina- 
tion of NDGA and aspirin, the TNF mutein of Example 1 alone, and various combinations of NDGA and 
aspirin followed by the TNFmutein were administered to groups of 5 mice beginning seven days after 
tumor implantation and continuing every third day three times. Details of the protocols are in the footnotes 
of Table VI, PBS was used as a control. Results were evaluated 14 days after initiation of treatment. The 
headings are defined in the footnotes of Table I. 
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TABLE VI 



Group 


ABW 


ATW 


Cures 


Deaths 


TNP 


1.04 


2.0 


0/5 


0/5 


+ aspirin^ 


1.08 


3.6 


0/5 


0/5 


+ NDGA^* 


1.04 


3.1 


0/5 


0/5 


+ aspirin + NDGA 


1.03 


0.7 


0/5 


0/5 


Aspirin (30 mg/kg)** 
NDGA (15,6 mg/kg)" 


1.2 


60.3 


0/5 


0/5 


1.3 


50.8 


0/5 


0/5(1 tumor death d. 14) 


Aspirin (30 mgAcg) + NDGA (15.6 mg/kg)* 


1.4 


47.8 


0/5 


1/5 (d. 5) 


PBS 


1.3 


50.4 


0/5 


0/5 



■ = 100 ug/kg i.v. every third day 3 times for all combinations. 
= 30 mg/kg iv. one hour prior to each TNF administration. 

= 312 ug/20 g mouse (15.6 mg/kg) In propylene glycol i.p. 5 minutes prior to each TNF 



administration. 

«• s= Lv. every third day 3 times. 
" ss I.p. every third day 3 times. 

* = aspirin i.v. every third day 3 times; NDGA i.p . one hour after each aspirin administration 

NDGA is known to inhlt^ the 5'-lipoxygenase pathway, which would be expected to inhibit leukotriene 
synthesis and, thereby, the toxicities associated with their production in the host. In addition. NDGA may 
function in a radical scavenging role in some cases, which role would be expected also to reduce the 
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toxicity of TNF The exact mechanisms at work under the present conditions are not entirely known at ttiis 
He bu?e™ ence has been presented to suggest that erther effect or both effects would be expected to 
reduce TNF toxicity. 

EXAMPLE 6 - Use of Indomethacin, Ibuprofen or Aspirin with TNF 

Female Balb/c mice were treated by subcutaneous implantation of Meth-A tumor cells as described in 

^^e VII indicates the results obtained when aspirin, indomethacin '^P™|^"- J J Jf^^^"^" 
Example 1 alone, and either aspirin, indomethacin or ibuprofen followed m ^ hour* by »he rmrtem 
^Sminister«l to groups of 10 mice and of five mice beginning seven days t""*"' '""P'^; 
Cls the protocols are referenced in the footnotes of Table VII. Results "ere evaK.a ed 4 -ays afte^ 
i„»i<riinn «f tn^ant for TGI and at least 21 days, usually 28 days, for cure data. TGI is tumor growth 
i d the weight I the treated tumor at day U to «ie weight of the tumor 
S S 14 controls, subtracted from 100. (For example, if treated volume is ^ and control vol me .s 
lonn th« ratio is 2 5% and the % TGI Is 97.5.) Cures are the same as defined m footnote c of Table I. 

T^t rette shr^^d^aS to mici of TNF for 3 mg/kg indomethacin to be about 50-200 ug/kg 
host^elgT S)Srug^^^r hum'ans). The effects of ibuprofen in combination witli TNF we 
matlyXal to those % aspirin In combination with TNF. The results confirm the best dose of TNF for 30 
mg/kg host aspirin. 

EXAMPLE 7 - Use of N-Acetyl Cysteine with TNF 

CD rats purchased from Charles River Labs were Injected with either 200 or 400 ugj^g ot Jhe TNF 
muteln descried above in Example 1 intravenously once at 0 hours. In addition. CD rats were mjert^ 
SlSusly 2? hotra^^^ one hour prior to TNF treatment iv at 0 hours with N-a^' ^V^^'^^^^^^^^ «^ 
~d S mg!cg host The data shown In Table VIII are the deaths within ^^^^^^^^^ 
can be seen that the administration of the N-acetyl cysteine reduces the toxicity of the TNF at all doses 
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TABLE VIII 



70 



Deaths Within 24 Hours/Total Rats Treated 




0 mg/kg N-acetyl 

cysteine 


250 mg/kg N-acetyl 
cysteine 


1000 mg/kg 
N-acetyl cysteine 


200 ug/kg TNF 
400 ug/kg TNF 


9/10 

a/10 


4/10 
4/10 


0/10 
0/10 



The above effects are expected to be observed in lymphokines or cytotoxins other than TNF. For 
example, the biological modlfers may play a role in IL-2 mediated tumoricidal activity. There has been 
found a clear relationship between the amount of radical scavenging capacity of various tumor cells (total 
glutathione content) and their sensitivity to both TNF and IL-2. The following experiment Illustrates that IL-2 
may be as effective as TNF. 



EXAMPLE 8 - Use of Uric /teid with IL-2 



20 1 



Female Balb/c mice were Implanted subcutaneously with Meth-A tumor cells as described in Example 

An IL-2 mutein. designated des-alai-IL2-«„i26 (wrth no alanine at position 1 of the mature IL-2 molecule 
and a serine at position 125 of the mature IL-2 molecule), was prepared by the method described in U.S. 
Patent No. 4.518,584. supra. Isolated from refractile bodies in accordance with the procedure described in 
EP-A-0 206 828, published December 30. 1986. and formulated as described In U.S. Patent No. 4,604,377 
25 in sodium dodecyl sulfate. The designation des-alai-IL-2«rt25 indicates that the initial alanine of the mature 
native IL-2 sequence is missing and that the cysteine residue at position 125 of the mature native IL-2 
sequence has been substituted with a serine. 

Table IX indicates the results obtained when the IL-2 mutein described herein alone, uric acid alone, 
and various combination injections of the IL-2 mutein and uric acid were administered intravenously to five 
30 mice per group (2-3 repeats) beginning seven days after tumor implantation and once daily for five days, 
with the uric acid being administered immediately prior to (about 10 minutes) the IL-2 administration when 
both were administered. Rnal measurements were made on day 14. The excipient control was injected with 
PBS. The uric acid doses were all 25 mgflcg of mice weight. The headings are defined in the footnotes of 
Table I. 



TABLE DC 



Group 


ABW 


Deaths 


ATW 


Cures 


Excipient controls 


1.18 


0/5 


30.5 


0/5 


Uric acid 


1.29 


0/5 


42.3 


0/5 


lL-2 (1.5 mg/kg) 


1.08 


0/5 


11.6 


0/5 


lL-2 (1.5 mg/kg) + uric acid 


1.13 


0/5 


18.4 


0/5 


lL-2 (5,0 mg/kg) 


1.07 


0/5 


3.9 


0/5 


IL-2 (5.0 mg/kg) + uric acid 


1.11 


0/5 


8.1 


0/5 



The results show that combined treatment of the mice resulted in a decrease In toxicity over the IL-2 
control; however, the IL-2 was about 2-fold less efficacious when given with uric acid. This decrease is 
similar'in magnitude to what was observed with lower TNF doses and uric acid. It is predicted that longer 

^ treatments and an increase in the dose of IL-2 will result in cures of the tumor. The preferred biological 
modifiers for human use are aspirin, vitamin C. vitamin E. ibuprofen, indomethacin, and N-acetyl cysteine. 
For humans. IL-2 is typically administered at a level of 3 x 10^ units/m^ per day. 

The present invention achieves the following goals: First, the ability of the host or tumor to scavenge 
radicals Is reduced by the combination therapy, for example with BSO, thereby increasing the therapeutic 

^ index of the tumor over the host. Second, the biological damage at the host level caused by free radical 
production is blocked. e.g.. by the plasma-mediated radical scavenger, uric acid. Third, the metabolism of 
the arachldonate cascade, which is influenced by and itself produces reactive radical species in lipid and 
aqueous compartments, can be modulated to increase the therapeutic index of the lymphokine or cytotoxin. 
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Effective amounts of the biological modifier can be detemiined for humans based on translations from mice 
data when human clinical trials are undertaken. „, n«tn»n«n anri 

In summary, the piesent invention is seen to provide a combination of lympholane or ^)^^°^^^ 
biological Mr 1h^ results In an enhanced therapeutic index relative to the lymphotane or cytotoxin 
5 alone In a mammalian host 

Claims for the fOllowIno ContraeBno States : AT, BE, CH. DE, FR, QB. IT, U, LU, Nl, SE 

,0 1. A composition surtable for administration to mammalian hosts for therapeutic or P'^P^^^^^^I 
of biological damage to the host caused by free radical generation, which compoertion comprises a 
miZe in pharmacologically effective amounts, of at least one lymphokine or cytotoxin from a 
Z^l^ speTes and at least one biological modifier selected from a free radical scavenger or a 
metabolic Inhibitor. 

" 2. Tlie composition according to claim 1 wherein ttie lymphokine or cytotoxin is interleukin-2. interferon-^, 
tumor necrosis factor, or colony stimulating factor-1. 

3. The composition according to claim 1 or 2 wherein the lymphokine or cytotoxin is tijmor necrosis 
20 factor-alpha. 

4. The composition according to any one of claims 1 - 3 wherein ttie btotogteal modifier is selected from 
uric acid buttiionine suiphoxlmine, vitamin E. vitamin C. 8'^^"!^ 
metronidazole, aspirin, indomettiacln. ibuprofen. nordihydroguaiaretic acid. «f 8.1.1 .14^io^en^ 

„ ;Sc acid. 8y;rthJac prostaglandins, synthetic leukotrienes. and combinations of one or more of these 

modifiers. 

6. The composition according to any one of claims 1 • 2 or 4 wherein the lymphokine is interteokin-2. 

30 6 TTie composition according to claim 5 wherein the biological modifier is uric acid and tiieirte^ 
fe^Sr"nutelnwltha8erinere8kJueafpo8Hlon125ofthanativelnt9rleukin-2molecule. 

7 use of phamBCologically effective amounts of at least one lymphokine or cytotoxin from a "lammalian 
s^s a^^ one Wotogical modifier selected from a free radical scavenger or a metabohc 
36 Z tiie production of a pharmaceutical composition for the therapeutic or prophylactic 

treatment ol Wotogical damage to a mammalian host caused by free radical generation. 

a The use of at least one biological modifier selected from a free radical scavenger «; « 

inhLtor for the production of a pharmaceutical composition for enhancing tt« tinerapeutic index of a^ 
S one lymphokine or cytotoxin from a mammaHan species in ti« therapeutic or prophylactic 
treatment of biological damage to a mammalian host caused by free radical generation. 

9 Use according to claim 7 or 8 wherein the lymphokine or cytotoxin is selected from an InterieuWn. an 
interferon, a tumor necrosis factor, or a colony stimulating factor. 

10. Use according to any one of claims 7 - 9 wherein tine biological damage is cancer, infection, or damage 
caused by high oxygen tension, radiottierapy or chemottierapy. 

Claims for the following Contracting States : ES, GH 

" 1 A process for ttie preparation of a composition suHable for administration to mammalian hosts for 
Jie^St^c or pro^-y^ freatmenl of biotogical damage to the host caused by ^ee ra^^f 
aSon which OTnprises mixing, in pham«cologlcally effective amounts, at least one lymphokine o 
Sn t^m a mammalian specL and at least one biological modifier selected from a free radical. 

55 scavenger or a metabolic inhibitor. 

2. The process according to claim 1 wherein the lymphokine or cytotoxin is interleukin-2. interferon-/?, 
tumor necrosis factor, or colony stimulating factor-1. 
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3. The process according to claim 1 or 2 wherein the lymphokine or cytotoxin is tumor necrosis factor- 
alpha. 

4 The process according to any one of claims 1 - 3 wherein the biological modifier is selected from uric 
6 acid, buthionlne sulphoximlne, vitamin E. vitamin C. N-acetyl cysteine, a retinoid, glutathione, 
metronidazole, aspirin, indomethacin. Ibuprofen. nordihydroguaiaretic acid. cis-8.11.14-eicosatrien-5. 
ynoic acid, synthetic prostaglandins, synthetic leukotrienes. and combinations of one or more of these 
modifiers. 

JO 5. The process according to any one of claims 1 - 2 or 4 wherein the lymphokine Is interleukin-2. 

6. The process according to claim 5 wherein the biological modifier is uric acid and the interleukin-2 is a 
desalanyli mutein with a serine residue at position 125 of the native interleukin-2 molecule. 

16 7. Use of pharmacologically effective amounts of at least one lymphokine or cytotoxin from a mammalian 
species and at least one biological modifier selected from a free radical scavenger or a metabolic 
inhibitor for the production of a pharmaceutical composition for the therapeutic or prophylactic 
treatment of biological damage to a mammalian host caused by free radical generation. 

20 8. The use of at least one biological modifier selected from a free radical scavenger or a metabolic 
inhibitor for the production of a pharmaceutical composition for enhancing the therapeutic index of at 
least one lymphokine or cytotoxin from a mammalian species In the therapeutic or prophylactic 
treatment of biological damage to a mammalian host caused by free radical generation. 

25 9. Use according to claim 7 or 8 wherein the lymphokine or cytotoxin is selected from an Interleukln. an 
interferon, a tumor necrosis factor, or a colony stimulating factor. 

10. Use according to any one of claims 7 - 9 wherein the biological damage is cancer, infection, or damage 
caused by high oxygen tension, radiotherapy or chemotherapy. 

30 

Revendlcatlons , ,, 

Revendlcations pour les Etats contractants suh^ants : AT, BE, CH, DE, FR. GB, IT, U, LU, NL, SE 

1. Composition appropri6e h radministration h des h6tes mammlfftres pour le traitement th6rapeutique ou 
35 prophylactique d'une l6sion biologique de I'h6te provoqu6e par la formation de radicaux llbres, laquelle 
composition comprend un melange, en des quantit^s pharmacologiquement actives, d'au moins une 
lymphokine ou cytotoxine d'une espto de mammH&re et d'au moins un modificatBur biologique choisi 
parmi un Spurateur de radicaux llbres ou un Inhlbiteur mdtabollque. 

40 Z Composition selon la revendication 1, dans laquelle la lymphokine ou cytotoxine est rinterleukine-2, 
l'interf6ron-/S, le facteur n^crosant des tumeurs ou le facteur stimulant la formation de colonles-1. 

a Composition selon la revendication 1 ou 2, dans laquelle la lymphokine ou la cytotoxine est le facteur 
nicrosant des tumeurs-a. 

45 

4. Composition selon I'une quelconque des revendlcations 1 ^ 3, dans laquelle le modificateur biologique 
est choisi parmi I'acide urique, la buthionlne sulfoximine, la vitamine E. la vitamine C, la N-ac6tylcyst^i- 
ne, un rdtinoTde, le glutathion, le metronidazole. I'aspirlne, I'indom^thacine, I'ibuproffene. I'acide nordihy- 
droguaiar6tique, Tacide cis-8.11.14-elcosatrl6ne-5-ynoTque. les prostaglandlnes synth^tiques. les leuco- 

50 tri&nes synth^tiques et les comblnaisons d'un ou plusleurs de ces modificaleurs. 

5. Composition selon I'une quelconque des revendlcations 1, 2 ou 4, dans laquelle la lymphokine est 
rinterleukine-2. 

55 6. Composition selon la revendication 5, dans laquelle le modificateur biologique est I'acide urique et 
rinterleukine-2 est une d^salanyh mutdine avec un reste de serine dans la position 125 de la molecule 
de rinterleukine-2 native. 



21 



EP 0 269 017 B1 



7 Utilisation de quantit^s pharmacologiquement efficaces d'au moins une lymphokine ou d'une cytotoxine 
d'une esp6ce de mammlfere et d'au moins un modificateur biologique choisi parmi un 6purateur de 
radicaux Hbres ou un Inhlblteur m^tabolique. pour la production d'une composition pharmaceutique 
pour le traitement therapeutique ou prophylactique d'une lesion biologique d'un h6te mammifSre 
provoqude par la formation de radicaux iibres. 

a Utilisation d'au moins un modificateur biologique choisi parmi un 6purateur de radicaux Iibres ou un 
inhibiteur m^taboilque. pour la production d'une composition pharmaceutique pour accrollre I index 
tlierapeutique d'au moins une lympholcine ou une cytotoxine d'une esp6ce de mammlftre dans le 
traitement therapeutique ou prophylactique d'une lesion biologique d'un hote mammifere provoquee 
par la fonmatlon de radicaux Iibres. 

9. Utilisation selon la revendication 7 ou 8, dans laquelle la lymphokine ou ia cytotoxine est choisie parrni 
une interieuklne. un interfSran. un facteur n^crosant des tumours ou un facteur stimulant la formation de 
colonies. 

10. Utilisation selon I'une quelconque des revendicatlons 7 k 9. dans laquelle la lesion biologique est un 
cancer, une Infection, une !6sion provoqu§e par une tension 6lev6e d'oxygfene, une radioth^rapie ou 
une chimiothSrapie. 

Revendicatlons pour les Etats contractants sulvants : ES, GR 

1. Proc^d^ pour la preparation d'une composition appropri^e h radminlstration ^ des hdtes mammifferes 
pour le traitement therapeutique ou prophylactique d'une lesion biologique de I'hote provoquee^ la 
formation de radicaux fibres, qui comprend le melange, en des quantit^s pharmacologiquement axtlyes. 
d'au moins une lymphokine ou cytotoxine d'une esp&ce de mammlffere et d'au moins un modificateur 
biologique choisi parmi un 6purateur de radicaux Iibres ou un inhibiteur metabolique. 

2. Proc4d^ selon la revendication 1. dans lequel la lymphokine ou cytotoxine est rinterleukine-2. 
l'interf6ron-)J, le facteur n^crosant des tumeurs ou le facteur stimulant la formation de colonies-1. 

3. Proc6d6 selon la revendication 1 ou 2. dans lequel la lymphokine ou la cytotoxine est le facteur 
ndcrosant des tumeurs-a. 

4 Proc6d6 selon Tune quelconque des revendicatlons 1 h 3. dans lequel le modificateur biologique est 
choisi parmi I'acide urique. la buthlonine sulfoximine. la vitamine E. la vitamine C. la N-ac6tylcyst6ine, 
un rdtinoWe. le glutathion. le metronidazole, rasplrlne. nndom6thacine, ribuprof^ne, Tacide nordihydro- 
guaiar^tique. I'acide cis-8.11.14^icosatri6ne-5-ynoTque. les prostaglandines synth^tiques. les leucotnfe- 
nes synthdtiques et les oombinalsons d'un ou plusieurs de ces modificateurs. 

5. Proc6d6 selon I'une quelconque des revendications 1, 2 ou 4. dans lequel ia lymphokine est 
rinterleukine-2. 

6 Proc#d^ selon la revendication 5. dans lequel le modificateur biologique est Pacide urique et 
rinterleukine.2 est une desalanyli muteine avec un reste de serine dans la position 125 de la molecule 
de l'interleuklne-2 native. 

7 Utilisation de quantit^s pharmacologiquement efficaces d'au moins une lymphokine ou d'une cytotoxine 
d'une espfece de mammif&re et d'au moins un modificateur biologique choisi parmi un 6purateur de 
radicaux Iibres ou un inhibiteur metabolique. pour la production d'une composition pharmaceutique 
pour le traitement therapeutique ou prophylactique d'une lesion biologique d'un h6te mammiffere 
provoquee par la formation de radicaux Iibres. 

a Utilisation d'au moins un modificateur biologique choisi parmi un epurateur de radicaux iibres ou un 
inhibiteur metabolique, pour la production d'une composition pharmaceutique pour accroitre Undex 
therapeutique d'au moins une lymphokine ou une cytotoxine d'une espece de mammifere dans le 
traitement therapeutique ou prophylactique d'une lesion biologique d'un h6te mammif&re provoquee 
par ia formation de radicaux Iibres. 
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9. Utilisation selon la revendication 7 ou 8. dans laquelle la lympholdne ou la cytotoxine est choisie parmi 
une interteuidne, un interferon, un facteur ndcrosant des tumeurs ou un tacteur stimulant la formation de 
colonies. 

10. Utilisation selon Tune quelconque des revendications 7 k B, dans laquelle la l6sion biologlque est un 
cancer, une infection, une lesion provoqu6e par une tension 4\ev6e d'oxyg6ne. une radiothdrapie ou 
une chimiotli^rapie. 

PatentansprU che 

PatentansprUche fUr folgende Vertragsstaaten : AT. BE, CH, DE, FR. QB. IT, U. LU. NL, SE 

1. Mittel. das geeignet ist fUr die Verabreichung an SSugerwirte zur therapeutischen oder prophylakti- 
schen Behandlung einer biologischen SchSdigung des Wirtes, die durch Erzeugung freier Radikale 
vemrsacht wird. wobei das MIttel ein Gemisch in pharmakologisch wirksamen Mengen von mindestens 
einem LymphoWn oder Cytotoxin einer SSugerart und mindestens einem biologischen Modifikator 
umfaBt. der ausgewahft ist aus einem FSnger freier Radikale oder einem Stoffwechsel-Hemmstoff. 

2. Mittel nach Anspruch 1. wobei das Lymphokin oder Cytotoxin lnterleukin-2. Interferon-^, Tumomekrose- 
Faktor oder koloniestimulierender Faktor-1 ist. 

3. MIttel nach Anspruch 1 oder 2, wobei das Lymphokin oder Cytotoxin Tumomekrose-Faktor-o ist. 

4. Mittel nach einem der AnsprGche 1 bis 3. wobei der biologische Modifikator ausgewShlt ist aus 
Hamsaure. Buthionlnsulfoximin. Vitamin E, Vitamin C, N-Acetylcystein, einem Retinoid, Glutathion, 
Metronidazol. Aspirin, Indomethacin. Ibuprofen, Nordihydroguajaretsaure, cis-8,1l.14-Eicosatrien-5-ln- 
sSure. synthetischen Prostaglandinen, synthetischen Leukotrienen, und Kombinationen von einem oder 
mehreren dieser Modifikatoren. 

6. Mittel nach einem der AnsprOche 1 bis 2 oder 4. wobei das Lymphokin lnterleukin-2 ist 

6. Mittel nach Anspruch 5, wobei der biologische Modifikator HarnsSure ist und das lnterleukin-2 ein 
Desalanyl-1-mutein mH einem Serinrest in Stellung 125 des nativen lnterleukln-2-MolekUls ist. 

7. VenA^endung von pharmakologisch wirksamen Mengen mindestens eines Lymphoklns oder Cytotoxins 
einer SSugerart und mindestens eines biologischen Modifikators, ausgewShlt aus einem FSnger freier 
Radikale oder einem Stoffwechsel-Hemmstoff, fOr die Herstellung eines Arznelmittels zur therapeuti- 
schen Oder prophylaktischen Behandlung einer biologischen Schadigung eines saugenvirts. die durch 
die Erzeugung freier Radikale verursacht wird. 

& Verwendung von mindestens einem biologischen Modifikator. ausgewShlt aus einem FSnger freier 
Radikale oder einem Stoffwechsel-Hemmstoff. fUr die Herstellung eines Arzneimittels zur VerstSrkung 
des therapeutischen Index' von mindestens einem Lymphokin oder Cytotoxin einer Saugerart bei der 
therapeutischen Oder prophylaktischen Behandlung einer biologischen SchSdigung eines SSugerwirts. 
die durch Erzeugung freier Radikale verursacht wird. 

9. Verwendung nach Anspruch 7 oder 8. wobei das Lymphokin oder Cytotoxin ausgewahit ist aus einem 
Interleukin, einem Interferon, einem Tumornekrose-Faktor oder einem koioniestimulierenden Faktor. 

10. Venfvendung nach einem der AnsprQche 7 bis 9. wobei die biologische Schadigung Krebs. eine 
Infektion oder eine SchSdigung 1st, die durch hohe Sauerstoffspannung, Radiotherapie Oder Chemothe- 
rapie verursacht wird. 

Patentanspitlche fOr folgende Vertragsstaaten : ES, GR 

1. Verfahren zur Herstellung eines Mitteis. das geeignet ist far die Verabreichung an Saugerwirte zur 
therapeutischen oder prophylaktischen Behandlung einer biologischen Schadigung des Wirtes. die' 
durch Erzeugung freier Radikale verursacht wird. umfassend das Mischen von pharmakologisch 
wirksamen Mengen von mindestens einem Lymphokin oder Cytotoxin einer SMugerart und mindestens 
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20 7, 
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^ Wologlschen Modffltotor. d« a-sgewShft ist aus einem ranger fraier Radikate oder elnem 
Stoffwechsel-Hemmstoff. 

2. vertahren nach Anspruch 1, wobei ^as Ly.pho«n oder Cyto«»dn .nteHeu«„-2. Interferon-,. 
Tumornekrose-Faktor Oder koloniestimulierender Faklor-1 ist 

3. Verfahren nach Anspruch 1 Oder 2. wobel das Lymphokin Oder Cytotoxir. Tumomekrose-Faktor-a ist. 

^ A .r.ri^nha 1 his 3 wobel dor biologische Modiflkator ausgewShlt ist aus 

mehreren dieser Modlflkatoren. 

verfahren nach einem der AnsprOche 1 bis 2 oder 4. wobei das Lymphokin lnterlsukin-2 ist 

die Erzeugung freier Radikale verursacht wird. 

, Verwenduno von -^^^'^-^ drSeSunn^^^^^^^^^^ 

Radikale oder SfT^'l^J^^ einem^ Cytotoxin einer SSugerart bei der 

die durch Erzeugung freier Radikale verursacht wird. 

V.-7 n »mhAi das Lvmohokin oder Cytotoxin ausgowahll ist aus einem 
9. Verwendung nach Anspmch J.^^'^^J^'^^f^, oder einem tolonlestimulierenden Faktor. 
Interleukin, einem Interferon, einem TumomeKrose-rwiw 

^ A«.r.rfi^h« 7 his 9 wobei die biologische Schadigung Krebs. eine 



rapie verursactit wird. 



40 



46 



50 



55 



24 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 



U FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□^LINES OR MARKS ON ORIGINAL DOCUMENT 



Q R£FERE|^(^E(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 





